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VIBRATIONAL SPECTROSCOPY OF SHOCK-COMPRESSED FLUID N, AND O,

S. C. Schmidt, D. S. Moore, M. S. Shaw, and J. D. Johnson

Los Alamos Natlional Laboratory. Los Alamos, NM, 87545, USsA

Single-pulse, multiplex, coherent anti-Stokes Raman scattering (CARS) was used to observe
the vibracional spectra of liquid NS shock-compressed to several pressures «nd temperatires
2

up to 41 GPa and 5200 K and liquid

shock-compressad to several pressures and temperatures

up to 10 GPa and 1000 K. For N;, the exparimentsl spectra were cuompaed o synthetlc
spaczra calculated using a semiclassical model for CARS intensities «nd esrimated

vibrational fraqueacies. peak Raman susceptibilities and Raman line widths

The question of

excited state populations in the shock-compressed state is addressed.

Recently, the high-pressure, high-
temparature bshavior of Ny and 0, have trceived

1-4

considerable attention. Several dynaamic and

scacie’"?

axperimants have produced equation-of-
stace and thermodynamic data for N, and O, at
pressures up to 110 GPa and at elavated
temperatures to beyond 10,000 K. These
medsursments have been complementad by
calculactions that describe the thermodynamic
state of the solidl? or the fluldll'lh. An
increase in comgressibllicy along the N,
Hugorict at pressures above 30 GPa has bean

al0.11. 16

attribuce to dissuclation. The

Intramolecular stretching frequencias for solid
N:7'15 and solid 0216 have been measuzed and
calculated!’ using a perturbation analysis in
conjunction with appropriately chosen potential

funrcloanJ'lk.

Vibrational frequenciass have
also baen measured for the fundamental and some
sxcited state transitions of fluid N, at
pressures and temperatures up to 34 GPa and 4400
K 618 Recantly, Ny vibrational frequencies
ha7e heen calculated versus presaure and
runpornturo." There have, hovever, been no
asasurements or calculations of the 9,
vibrational frequancies Ln the dense fluld
state. Such rasults and higher presaure/

tvmparature dats for N, would be of value both

to charactarize the potential functions of these
molecules and pussibly to observe the onset of
dissoctiation. Measurements of ground and
excited stats vibrational transition intensities
could also ,rovide an upper limit escimate for
danse-phasna fluid vibrational rslaxation
tll.l.zo

Reported here arev coherant anti-Stokes Rauaan
scatrering (CARS) measurements of N, and 0,
shock-compressed te 41 GPa and 10 GPa,
respectively. The pressure/temperaturs states
were achieved by dynamic compression techniques
using an experisental apparatus described

puvl.oully.21

B.iefly, a projectile launched by
a tvo-stage light gas gun dynamically compressed
* ''auld Ny or Uy sasple that had been condensed
into a cryogenic target assembly. The target
vas designed to reflect CaRS signala from a
highly polished )04 stainless atesl target plate
at the front through a 6 }-um-diam quartz or
lichium fluoride window at the rear. Single-
shock velocities were consarvatively maasured to
$0.2 wm/sec and the irn'~ia]l pressure and
temperature of the liquid ssaple were determined
to £0.) kPa and tl K, respectively. Initlal
sasple densities of Ny and 0y ware taken from

23

Jacobsan, et 11.22 and UWeber, respectively

The saapler vers condensed froa gasoous N,

tWork done under tne suspices of the US Department of Energy



(>99.9% purity) and gaseous 0, (>99 6% purity)
CARSZ% occurs as a four-wave paramatric
process in which three waves, two at a pump
frequency and one at a Stokes frequency, are
mixad in a sample to produce a coherent heam at
the anti-Stokes frequency. The efficiency of
this mixing is greatly enhanced if the
difference it, frequenciss between the pump and
Stokes coincides with the frequency of a Raman
active wrode of the sample. A previously
described16 seniclassical model was used to
calculate synthetic CARS spectra that matched
the experimental data. In these experiments, a
Nd:YAG laszer was used to pump the two dye lasers
that gsnerate the CARS si{gnal, one being a
broadband "Stokes™ laser (630-630 nm) and the
other & narrowband "pump" laser operated neavr
557 nm for No expuriments and nsar 582 nm for 0,
axperiments Multichannel detection of the CARS
signals was done using an intensified photodiode
array and analyzer. In addition, the broadband
dye laser spectral profile was measured {n each
experiment using another spectrometer and
photodiode array. Wavelangth calibrstions ware
all done using vacuus wavelengths of atomlc
emission llnus,25
Shock pressures and temveratures were
calculated using an effective spherical
potential that has been shown to reproduce
accurately both nonspherical molecular dynumics
simulatione and experimental Hugoniot and

brightness temperature data for Nz‘ll'lﬁ

Takisi g
into account the ascuracy of the method for Ng.
and the sinllarity of potentials for N, and 2.,
an effective spherical potential for U, was fit

3

dlroc:ly“ to Hugonlot data” and was chacked by

3 In this

lts good fit to reflected shock data
work, doubly shocked states are {nferred {rom
impedance matching of the {nitial shock at the
measured shock velocity, reflecting off the

known window material assuming the thecratical
equation of state for N, and 0, The equation-

of -state parameters for quartz and 'ithium

4922 K
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4444 K
3821 K
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FIGURE |
Experimantal and computed CARS spactra of shock:
compressed liquid N,.

tluoride are from published data. 26

Based on
the previously stated experimental errors,
estimated uncertafinties i pressure are about ¢l
GPa for principal Hugoniot meesuremants and *J
GPa for reflected shorks These uncertainties
are dominated by the experimental uncertainty in
the shock velocity. Temperature uncertalnties

are dominated My a usvatematic shift of up to 10w

Jeponding or. the theore(ica: model chosan, b1
The ohbasarved single puise CARS «pectra ot
ambi{ent pressure and zt{ght «four exper{ments,

dynamically compressed states of liquid Ny arve
shown {1 Flg 1 Also shown are preliminary

aynthetic spectra Because of timing



cons:iraints and tra dJesire to tave n .rsnoiked
sample at the time the lasor puises arrivea at
cne sampie. the shockwave nad reflactea zrf of
che rear wiraiw tack into *he sample Frod.c:irg
a doublv srnccked reglcr Spectral feat.res frcx
bocth tle singly -Jeroted tv aszerisxs” and
doubly _arrows. srnccked regions are cleari-
sbservea

Preious observaticns bv Reichlin et al i
for solid N. show that cthe vitrazizral
freg.enciles tend to first increase ar ! cren
jesrease =1Th ircreasing fress.re Vis.al
irnspecticn cf the data 1n Fi1g 1 s.ggests crac
tris also is the case at rugonict conditicns
nlv with cthe reversai -:z:.ring at m=chr icwer

crass.res Tr1s tehavicr ras teer. suggestea -

‘~eoretr.zai caiz.iatiz-s 7 Tre data are
sresently peirg araivzed I cDCLaln 20re ac< .rate
-alues for cransition frej.encies iine widchs

ard pesx Raman s.scepribl.itles Pravio.s

scrxi® or tre ioser press.re data ct Fig 1

1o ¢ 15 & SPa ara i = 3~ « GPa spectra !as
showr. chat vibrati.nal equlilbratisn among re
trermally accessibie levelis oczi.rs 1n <23 ns
=@ are presartiv 1o1ng si1Oiia&r -aic..aticrs for
ha righer-press.re Ja-a

Tra otserved singie-puise ZARS scectra of
asblent rress.re ard five -four experimenzs.
dvnanicaliv compressed states of liguid 32 ars
snown in Fig ¢ For the nigher-pressure data
in these experimenrts the ARS spectrum vas
abtained before the shock wave reachea the
target assembly vindow Hence only che singly
srocked (asterisks: and asbient-pressurs

snlabeled) states are observed spectral.y We
are presently analyging these dats using zhe
semicziassical TARS intensicy model The visitle
sbsorption of 3, that is due to van der vaals
interactlan- or coilision-induced :unnxtlonl16
could drasticaily infl.ence the rthird-order
suscepctibilicy In order o fuliv model the
ARS spectra it isx =rerefsre flrst necessary to

q0as8uIe "M"e abeoOrptionr in - aT The vressures
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FISURE 2
Experimercal ZARS spectra =f sinck-compressaed
liquid <,

and ramperatures of {rcarest Such measurements
ara in progress

In summarvy che vitrational crarsitions zf
Ny and G- et préssules g to «i GFa 2250 K-
and 13 GPa - 1275 K° respsctively have baen
asasured The J&ta suggest zhat N- ani 3. «tili
exisZ as mole..iar fl .3c a: *rese pressvres ar
texperat.ras Vis.al 1+scez-ion cf the N. daza
suggests "ra: :he vibrati--al freq.encx
initlallv troreases witr ,rcreasing preids.re
a,ong the Hugcniot but at nigher cress.resz this
trend is reversed T+is reversal woula indi:ace
firsc & strergtrering arz -ren a weskering =f

“he N. potantial Alsc rreviosus 3Jata ara.-sis



indicaces that higher vibrat.onal stares .in N-
are excited in <50 ns. and. within the limicts sf
the approximarions used and the exparimertal

error. thermal egullibrarion of these levels 1

wn

suggested
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